Due to the limited transmission capability of transmission lines and the difficulty in finding new locations for generation, one method to overcome the additional load accommodation problem is the adequate utilization of the Reactive Power Supplier (RPS) which is installed in the system. However, calculating the amount of RPS is difficult, as it becomes a nonlinear combinatorial integer problem. This paper proposed the Pyramid genetic algorithm which improves the convergence characteristic of the genetic algorithm, and also proposed the successive iteration method between the pyramid genetic algorithm and Newton-Raphson load flow method to solve the reactive power supplier operation problem. Furthermore, we analytically determined the range of the mutation and crossover probability of the genetic algorithm which was chosen only by experience. The proposed method was applied to the IEEE 30 bus 6 generator system to prove its validity and effectiveness.
Introduction
Reactive power has been for many years a problem in power system control and planning. Due to limited transmission capabilities and the difficulty in finding new locations for the supplier to accommodate additional loads, reactive power allocation and utilization have received increasing attention in recent years. Redistribution of reactive power in a power system is performed to improve the system voltage profiles. To maintain desired levels of voltage and reactive flow under various operating conditions and system configurations, power system operators may utilize a number of control tools such as switching var sources, changing generator voltages, and/or adjusting transformer tap settings[3]- [8] .
The Reactive Power Supplier (RPS) operation is difficult as RPS is not continuous but a discrete varying element, which provokes numerical zigzagging of results. Extensive studies have been performed, such as nonlinear programming, successive linear programming. Most of these approaches can be categorized as integer problems with constrained optimization techniques. Recently, expert systems based on Genetic Algorithm technologies have also been proposed[3]- [8] .
The Genetic Algorithm (GA) is worth the price for searching the global solution (global maximum or global minimum) of a specified objective function. The genetic algorithm can reach a global solution of a specified objective through generations [10] . However, the GA has a problem with respect to the relation between the quickness and accuracy of the result. Therefore, the elitist policy of the GA converges fast but can fall into the local solution. On the other hand, the mutation method of the GA, such as high crossover and/or mutation probability, forced mutation, searches the whole space but can provoke an oscillation problem closed by the global solution. In short, the elitist policy and the mutation method contradict each other.
Therefore, to improve the convergence characteristic of the GA, we propose a pyramid type which makes a good harmony between the elitist method and the mutation method. Furthermore, in the pyramid GA, we can analytically determine the feasible area for crossover and mutation probability.
Using the pyramid GA, this paper presents the operation of RPS which has already been installed in a system in order to maximize the utilization of the RPS and for correcting unacceptable voltage profiles.
This paper consists of six sections. Section 2 describes the genetic algorithm. In Section 3, a successive iterative method is proposed to determine the amount of RPS. Section 4 shows the survey of the proposed method by flow chart. Simulation results are shown in Section 5, and Section 6 gives the conclusions.
Pyramid Genetic Algorithm
The pyramid GA is fundamentally based on the simple genetic algorithm. However, the simple genetic algorithm is not widely used because of its convergence characteristics. In this section, we examine the convergence characteristics of the simple genetic algorithm and then we propose a method to improve the convergence characteristics of the simple genetic algorithm.
Outline of Simple Genetic Algorithm
Genetic Algorithm is a program which imitates a human gene and the development of a human being. In the Simple Genetic Algorithm, consider allele (string value), chromosome (string), population (union of string) as the construction elements of the group. In this paper, each allele takes a real value among 0 and 1. The string, which is a chromosome, is composed of alleles. The string is composed of amounts of reactive power which are injected and/or extracted from the RPS. The population used is the Pyramid type which will be explained in a subsequent section.
Based on the simple genetic algorithm, genetic operations are reproduction, crossover and mutation. Reproduction uses the concept of natural selection which chooses the well-adapted individual to the system and eliminate the poorly adapted individual to the system of the population. Crossover imitates the matrimony of human life and Mutation exchanges the original allele for a random value.
Convergence Problem
The GA converges to the global solution through generations. However, we do not know when this will converge to the global solution. For the analysis of the convergence characteristic of the GA, we made the following simulation. Fig.   1 shows the global and local maximum of the function. We carried out 50 simulations. The number of generations included in each simulation is limited to 15. In other words, if the simulation does not converge within the limit of the generation, it would be more appropriate to use other methods to solve the problem. Fig. 2 shows the result.
diminished to the global solution or, at least, close to it. Thus, to solve these problems, a pyramid type population (pyramid population) is proposed and described in the next section. Group ii consists of the strings which have fitness values lower than Group i's strings but higher than the other Groups' strings.
In compensation, Group ii has more strings than Group i but less strings than the other groups, in this form we construct the others groups. . This helps the population achieve its stabilization quickly. However, the possibility that the result will fall into the local minimum still remains. The following factors help search the whole space to achieve the global solution, although they contribute to the oscillation problem: the emergence of the new population and remaining relatively lower groups (Groups iii and iv). Such replacements can be interpreted as follows. The GA program cannot consider all the genes in the universe. Therefore, some of them are picked up as the population (Old population in Fig. 5 ). If we do not consider the mutation process, the population can search until area B (in Fig. 5 ) by a genetic process consisting of crossover and reproduction. However, if one of the strings of the old population is replaced by a new string of the universe and it is very different from the old population, this helps to increase the possibility of searching the whole space. In Fig. 5 , replacement with the new string expands the searching space from B to B+C by a genetic process. (1) where, pm: mutation probability pc : crossover probability Numerically, In this paper, we divided the groups i, ii, iii and iv of the Pyramid type in the ratio 1:3:5:7, respectively. We constructed the group by which Equation 2 is satisfied.
A graph of Eq. 1 with the constraint of the Eq. 2 is shown in In order to confirm the validity of the proposed method, we compared the Pyramid type with other types of GA. We considered 5 types of GA to compare with the Pyramid type. 1) Roulette type 2) Elitist type 3) Roulette type with the introduction of a new population (New Roulette) 4) Pyramid type without the introduction of a new population (Triangle type) 5) ranking selection 6) Pyramid type population We tried to find the maximum value of the Test function I that is illustrated in Fig. 1 The results showed that the Pyramid GA was most closer to a global solution than any other method. Also, the Pyramid GA is faster than the other type's of GA. Thus, this test proved that the Pyramid GA be the most reliable method.
Setting-up of the Reactive Power Supplier
An RPS operation has two problems. First, the RPS operates in discrete form. Second, the system is nonlinear. In this paper, the discrete variation of the RPS problem is solved by the GA (RPS calculation) and the non-linearity of the system is solved by the load flow calculation. Furthermore, the successive iteration method between RPS operation and load flow calculation is used so that the result approximates to the global solution of the system. The process of the proposed method is divided in two parts: 1) Load flow calculation 2) RPS calculation Each of these items is explained in the following section.
Load Flow Calculation
There are many criteria to set up the RPS. The violation of the node voltage of the system is a one of the criterion, which is adopted in this paper, for injecting and/or extracting the reactive power. Therefore, we must know the system voltage profile before the operation of the RPS.
We calculate the performance of the system based on the Newton-Raphson load flow technique. For this calculation we used the full dimensions of the system. (3) [J] is the Jacobian matrix of the system Equation 3 is the well-known Newton-Raphson load flow equation. After load flow has converged, we check if the system satisfies the stopping criateria which will be explained in section 4.1. If the system violates the stopping criateria, we proceed to the RPS calculation. Otherwise, the process reports the result and stops.
RPS Calculation
The RPS such as switching var sources, changing generator voltages , and/or adjusting transformer tap settings are of varying discrete type. These cause the problem to become an integer combinatorial problem. We apply GA to find the best reactive power quantity needed to fit all the node voltages inside the voltage limit. 
where n : all node number except generator nodes Vimax : maximum node voltage permited Vim,n : minimum node voltage permitted In this method, there are many global bests that satisfy the fitness function. However, our objective is to take a solution satisfying the system requirements that does not differ from the global solution. To prove the validity and effectiveness, we applied the proposed method to the IEEE 30 bus and 6 generator system. For the simulation, we only used four transformer settings as the RPS. Fig. 9 shows the convergence characteristic of the node voltage of the IEEE 30 bus system of the one simulation. After load flow converged (11 iteration), the RPS calculation process that changes the configuration of the system then begins. According to the result, the proposed method takes 14.6 times of the normal load flow calculation time. Fig. 11 shows histogram of the RPS impedances and the table 2 shows the mean value and standard deviation of the champion data of the 50 simulations.
Flow of the Method
The interpretation of the Fig. 11 is that, for example, the RPS #1 has converged 37 times to the 0.955pu and 13 times to the 0.964pu and RPS #4 converged 50 times to the 1.045pu.
The most times converged impedance of the Fig. 11 was represented in the table 3. These impedances were used to compare between the system that has the IEEE standard transformer setting and the system that has the transformer setting of the table 3. 
Conclusions
In this paper, the Pyramid Genetic Algorithm (GA) is proposed and introduced into the Reactive Power Supplier (RPS) operation. In the GA, the elitist policy converges fast but can fall into the local solution. On the other hand, the mutation method searches the whole space but can provoke an oscillation . In short, the elitist policy and the mutation method contradict each other, but they are well balanced in the pyramid population. Also, in the pyramid GA, we can analytically determine the feasible area for crossover and mutation probability. We showed the effectiveness and the validity of the Pyramid Genetic Algorithm by comparing the method with other types of Genetic Algorithm.
To maximize the utilization of the RPS and for correcting unacceptable voltage profiles, this paper proposed the successive iteration method between the pyramid GA and Newton-Raphson load flow method. The result of the simulation proved the effectiveness and validity of the successive iteration method on the RPS operation, and showed the effectiveness and validity of the 
